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(54) POLYMER OPTICAL WAVEGUIDE, OPTICAL INTEGRATED CIRCUIT, OPTICAL MODULE AND 
OPTICAL COMMUNICATION APPARATUS 



(57) The following are disclosed: An optical 
waveguide constituted out of polymers, an optical inte- 
grated circuit, an optical modiie, and an optical commu- 
nication system (optical communication apparatus) 
using these. In the polymer optical waveguide which is 
fabricated on a substrate having an inorganic material 
on at least a part of the surface thereof and in which a 
core layer and a clad layer positioned closer to the base 
than the core layer are composed of polymers, a buffer 
layer, which is composed of a polymer different from 
that of the clad layer, is provided between the clad layer 
and the base. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to an optical waveguide formed out of polymers, an optical integrated circuit, an 
optical module, and an optical rorrmjnicabon system (optical communication apparatus) using these. 

BACKGROUND ART 

w [0002] Nowadays, with the objective of downsizing, cost-lowering and murti-functioning of optical components, 
research is being done more and more vigorously concerning optical waveguides and an optical integrated circuit using 
them. Of the optical waveguides, a polymer optical waveguide in particular, which is tabricated by coating polymer 
materials on a substrate, is superior in the mass-rxodutfrvrty and can be expected to be lowered in the cost. Accord- 
ingly, in recent years, much attention has been focused thereon. 

is [0003] Fig. 10 shows an embedded type optical waveguide, La an example of conventional polymer optical 
waveguides. The optical waveguide is fabricated by coating, in turn, a polymer (the refractive index: n1) constituting a 
lower clad layer 2 and a polymer (the refractive index n2) constituting a core layer 3 on a substrate 1 such as silicon or 
glass, and then by coating again a polymer (the refractive index: n3) constituting an upper clad layer 4 after removing 
an unnecessary portion of the core layer by an etching. In order tor the optical waveguide to function as an optical 

20 waveguide, n2 is set to be larger than n1, n3. Also, so as to facilitate a connection with an optical ffeer as well as to 
embody a single mode optical waveguide, the polymer material in each layer is selected so that the core layer 3 
becomes dbout 6x6 ~ 9x9 um thick and refractive index differences between the core layer 3 and the clad layers 2, 4 
become about 0.3 ~ 0.7 %. Moreover, in order to decrease a propagation loss through an optical waveguide in the 
above-described polymer optical waveguide, it is necessary to employ polymers of less optical absorption in the lower 

25 clad layer 2, the core layer 3 and the upper clad layer 4. In application of an optical f toer communication, it is necessary 
to lower the waveguide loss for the infrared light (wave length 1.3 ~ 1.5 Mm). However, an ordinary polymer has much 
CH (carbon-hydrogen) bonds in the structure and has a strong absorption for the infrared light wave because of the 
absorption by vibration of the CH bonds. Thus, the ordinary polymer is unsuitable tor an optical waveguide material for 
the infrared fight As the optical waveguide material for the infrared light a polymer in which fluorine (F) or deuterium 

30 (D) is substituted for hydrogen (H) in the CH bonds is used. In particular, a f luorinated polymer in which the fluorine sub- 
stitution is performed has the following excellent properties: For example, the polymer has low loss even for 1.5 jim 
band and. because the water-repellent characteristic is caused by fluorine, the loss does not increase even when the 
polymer is used under high humidity. Fluorinated polyirnide and f luorinated polymer acrylic, tor instance, can be men- 
tioned as the optical fluorinated polymer. Regarding the fluorinated polyirnide and a polymer optical waveguide fabri- 

35 cated using it. the descrption is given in, tor example. JP-A-4-9807 and -Bectronics Letters", vol. 29, pp. 2107-3109 
(1993). 

[0004] An optical switch taking advantage of a ther mo-optical effect for instance, can be mentioned as an optical inte- 
grated circuit using the polymer optical waveguide. Concerning this, the description is given in literatures such as "IEEE 
Photonics Technology Letters". Vol. 5. pp. 782-784 (1993) and Proceedings of 21-st European Conference on Optical 

40 Corrminication (ECOC95) 1059-1062 (1995). 

[0005] Generally speaking, however, because the OF bonds are very stable, the optical polymer containing fluorine 
is inferior in an adhesiveness to inorganic materials such as silicon or glass. On account of this, there exists a problem 
that a anamination occurs between the substrate 1 and the lower clad layer 2 while or after fabricating the optical 
waveguide. On account of this, there exist problems that it is difficult to fabricate the optical waveguide with the use of 

45 the polymer containing fluorine and having the excellent optical characteristics, and that it is impossible to obtain a long- 
term reliability of the optical waveguide and the optical integrated circuit thus fabricated. As a technique for enhancing 
the adhesiveness between the polymer containing fluorine and the inorganic base, JP-A-7-1 74930 discloses a method 
in which, by coating and baking organic zirconium chelate on the inorganic substrate, organic zirconium compounds are 
formed and. after that the fluorinated polymer is coated. However, adhesion strength obtained by using the organic zir- 

so conium chelate is not necessarily enough from the view point of the practical utilization. For example, there exists a 
problem that if the optical waveguide, after being fabricated by the above-mentioned method, is left under high temper- 
ature and high rujmidrty. there occurs a delarnination between the substrate and the tower clad layer in much the same 
way. 

[0006] In the polymer optical waveguide fabricated by coating the optical polymer on the inorganic base, an object of 
55 the present invention is to provide a highly reliable polymer optical waveguide in which the adhesiveness between the 
lower clad layer and the substrate is enhanced, and a highly reliable optical integrated circuit Moreover, another object 
is to provide, by employing them, an optical module and an optical communication system that are excellent at the long- 
term reliability. 
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[0007] In a polymer optical waveguide which is fabricated on any substrate of a silicon base, a glass base, a silicon 
base provided with an oxide f im on at least a part d the surface thereof, and a substrate havii^ 
at least a part of the surface thereof, and in which a core layer and a clad layer positioned closer to the base than the 
core layer are made of polymers, a buffer layer made of a polymer is provided between the dad layer positioned closer 
to the base than the core layer and the base, and a polymer having a strong adhesiveness to the base is employed as 
the buffer layer. In particular, a polymer containing no fluorine is employed as the buffer layer. Otherwise, in particular, 
a polymer containing silicon is employed as the buffer layer. Otherwise, in particular, when fkjorinated polytmide is 
employed as the dad layer, poryimtie sitocane is employed as the buffer layer. The polymer optical waveguides having 
the buffer layer are used so as to constitute an optical integrated drcurt, an optical switch and an optical module. Fur- 
thermore, they are used so as to constitute an optical communication system, thereby making it possMe to achieve the 
above-described objects. 

DISCLOSURE OF INVENTION 

[0008] In a polymer optical waveguide which is fabricated on any substrate of a silicon substrate, a glass substrate, a 
silicon substrate provided with an cwde film on at least a part of the surface thereof, and a base having a metallic elec- 
trode on at least a part of the surface thereof, and in which a core layer and a clad layer positioned closer to the base 
than the core layer are made of polymers, a buffer layer made of a polymer is provided between the dad layer posi- 
tioned doser to the base than the core layer and the base, and a polymer having a strong adhesiveness to the base is 
cmoloyed as the buffer layer. In particular, a polymer containing no fluorine is employed as the buffer layer. Otherwise, 
in r^artcutar. a polymer containing P°*y- 
imide is employed as the dad layer, polyirnide silaxane is employed as the buffer layer. The polymer optical waveguides 
having the buffer layer are used so as to constitute an optical integrated drcurt, an optical switch and an optical moduJe. 
Furthermore, they are used so as to constitute an optical communicatjon system, thereby making it possWe to solve 
the above-described objects. 

BRIEF DESCRIPTION OF DRAWINGS 

10009] 

Fig. 1 is a structure diagram of an embedded type polymer optical waveguide related with an embodiment of the 
present invention. 

Fig. 2 is a diagram showing a light intensity distribution in a direction perpendicular to a base in the polymer optical 
waveguide related with the embodiment of the present invention. 

Fig. 3 is a structure diagram of a ridge type polymer optical waveguide related with the embodiment of the present 
invention. 

Fig. 4 is a structure diagram of a polymer optical waveguide related with the embodiment of the present invention 
and fabricated using a photosensitive polymer in a portion of the optical waveguide 

Fig. 5 are a plan view and a cross-sectional view of a 1x4 branching type optical switch related with the embodi- 
ment of the present invention. 

Fig. 6 is a diagram showing a 4x4 optical switch fabricated by combining the 1 x4 branching type optical switches 
related with the ernbodiment of the present invention. 

Fig. 7 is a diagram showing an optical fiber communication system in which the optical switches related with the 
embodiment of the present invention are used. 

Fig. 8 is a diagram showing an internal structure of an optical module related with the embodiment of the present 
invention. 

Fig. 9 is a diagram showing an optical communication apparatus in which the optical mooUes related with the 

embodiment of the present invention are used. 

Fig. 1 0 is a diagram showing a conventional polymer optical waveguide. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0010] Fig. 1 shows an embedded type polymer optical waveguide related with an ernbodiment of the present inven- 
tion. First using this, the explanation win be given concerning functions of the present invention. The optical waveguide 
of the present invention, between a base 1 and a lower dad layer 2. has a buffer layer 5 constrM 
a strong adhesiveness to the base. As illustrated in Fig. 2, in the present structure, the lower dad layer 2 is made thick 
enough so that the optical field scarcely reaches to the buffer layer 5. Consequently, even rf a polymer of large absorp- 
tion loss is employed as the buffer layer 5. the loss in the optical waveguide does not increase. Also, similarly, since the 
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lower ciad layer 2 Is set to be thick enough, the light wave can propagate through the optical waveguide no matter what 
value a refractive index of the polymer in trw buffer layer takes. Nar^ 

of the porymer constituting the buffer layer 5 exert little influence on the optical characteristics of the optical waveguide. 
This makes it posstte to employ, as the buffer layer 5, an arbitrary porymer having a high adhesiveness to the base, 
ignoring the optical properties. Also, pdynieis gene^ hav^ 

set. as the buffer layer 5, a material that has a high adhesiveness to the lower clad layer 2 as well as to the base. 
Accordingly, it is possMe tor the present invention to provide a polymer optical waveguide that has a stronger adhesive- 
ness and a higher reliability than in the conventional optical waveguide. 

[0011] For example, when fluorinated poryimide is errptoyed as the lower clad layer 2. an ordinary polyimide contain- 
ing no fluorine is errptoyed as the r^^ 5. This efrptoymert allows 
base, and also makes it posstote to embody the stnx^ adhesiveness belweenlta 

as wefl. If it is desirable to enhance the adhesiveness to the substrate even further, it is appropriate to emptoy as the 
buffer layer 5 polyimide siloxane that owns Si atoms in the molecular structure and has a strong serf-adhesion property 
to sificon and Si02. Also, when the tower dad layer is composed of a fluorinated acrylic polymer, it is appropriate to 
employ as the buffer layer an acrylic porymer containing rx> fluorine. Also, when the lower clad layer is composed of 
fluorinated porycarbonate. it is appropriate to employ as the buffer layer porycarbonate containing no ftjorine. 
[0012] Next using Fig. 1. the explanation wit) be given concerning a concrete method of carrying out the present 
invention. First a N. r4<Jimethyl acetamide sohitkw of pdyamto acid. Le. arxecursor of theporyimkte 
on the silicon base 1 by a spinner and baked, thereby forming the buffer layer 5 (1 .5 ^m thick) made of the polyimide 
sflaxane. Here, as the poryimide siloxane. a substance represented by a structural formula: 

[chemical formula I ] 




, i.e. a porymerization product of benzophenon tetracarboxytic dianhydride (BTDA). methylene dianitine (MDA) and bis- 
gamma aminoptopyttetramethyl disflexane (GAPD), has been used. 

[001 3] In addition, N, fsWimethyl acetamide solutions of the poryarric acid. i.e. precursors of two kinds of fluorinated 
poryimide A, B. are each coated and baked, thereby forming the tower clad layer 2 (1 0 ^m thick) made of the fluorinated 
polyimide A and a core layer 3 (7 urn trick) made of the poryimide fluoride resin B. The *fc 'orinated polyimide A is a sub- 
stance represented by a structural formula: 

[chemical formula II] 




, i.e. a polymerization product of 2,2'-bis (Xrf^omeWWt'^arriTYX^e^ (TFDB) and 2,2-bis(3.4«licartx>xyphe- 
nyi) hexaf luoropropane dianhydride (6FDA). Abo, the fluorinated poryimide B is a substance represented by a structural 
formula: 
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[chemical formula M] 
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, i.e. a polymerization product of TFDB. 6FDA and pyromellrbc danhydride (PMDA). A ratio between 6FDA and PMDA 
J5 (ra^ery, a ratfobebveenm arid n) has irKiex of the core layer 3 becomes about 

0.3 % greater than a refractive index of the lower clad layer ^ Next a portion of the core layer 3 is removed by a reactive 
oxygen ion etching so as to form a waveguide pattern. Moreover, the N.N-dmethyt acetamide solution of the poryamic 
acid, i.e. the precursor of the ffoorinated polyimide A. is coated and baked, thereby providing an upper dad layer 4 (10 
urn thick). A propagation loss in the optical waveguide thus fabricated has turned out to be 0.3 dB/cm at wavelength of 
20 1.3 Mm. Thisisavalueequrvalerttoandassn^ 10) fabricated 

using the same poryimide fluoride resn and riaving r» buffer layer 
fabricated waveguide, thereto 
tional device having r» buffer tayer^ 

thus enhancements in the adhesiveness and the long-term reliability have been confrmed. The above-descrfoed expla- 
25 nation has been given concerning, in particular, the case in which the embedded type optical waveguide is fabricated 
using the etching. However, regarding a ridge type optical waveguide having no upper dad layer, too. the present inven- 
tion can be carried out similarly as is itustrated in Rg. 3. Also, the present invention can be carried out similarly as is 
illustrated in Fig. 4 regartfng as wel an embedded type optical waveguide that is fabricated by using a photosensitive 
polymer in the core layer and letting a portion thereof be irratfiated with fight wave so as to make the refractive index 
so small er. Furthermore, the same effects can be expected even rf the kind of material of the base and the surface thereof 
is of any other inorganic material such as Si02, quarts, SiNx. 

[001 4] Fig. 5 shows an optical swrteh, i.e. an example of the polymer optical integrated circuits related with the embod- 
iment of the present invention. The present 1x4 optical switch has thin film heater electrodes 10 on waveguides and 
heats the waveguides by the heaters so as to indexes to be changed, thereby switching among the 

35 optical paths. The optical switch has been fabricated in the following process: First, as is the case with the above 
embodiment, the N.N-d methyl acetamide solution of the poryamic add, i.a the precursor of the polyimide sikwane, and 
the N, N-dimethyl acetamkJe solutions of the poryamic add, i.e. the precursors of the f luorinated polyimide A, B. are 
coated and baked on a silicon substrate 1 in sequence, respectively, thereby laminating a buffer layer 5 (1 .5 urn thick) 
madeoftherjdyirridesac*^ polyimide A, and a core layer 

40 3 (7 jim thick) made of the f luorinated polyimide B. Next a portion of the core layer is removed by a reactive oxygen ion 
etching so as to form a waveguide pattern OndurJng branching structures). Next the amic acid solution, i.e. the precur- 
sor of the fluorinated pdyimide A, is coated and bakBd so as to form an upper dad layer 4 made of the f luorinated pory- 
irride A, and then the Cr thin film heaters 10 are provided. Finally, optical ffoers 11 (5 units in total) for inputting and 
outputting light wave are connected and adhere to an end surface of the device. An insertion loss of the optical switch 

as thus fabricated has turned out to be about 4 dB. By feeding an electric power of about 40 mW to each of the heaters, 
the switching has been performed with an extinction ratio of 20 dB or more. Ateo. even when an ON • OFF operation 
of the heater current has been repeated more than 1 0 thousands times, the polymer has never been defaminated from 
the base. On the contrary, in an ordinary device having no buffer layer, the ON • OFF operations of the heater current 
have forced the polymer waveguides to be delaminated from the base. The 1 x4 optical switches fabricated have been 

so combined so as to constitute a 4x4 optical switch (Fig. 6). The 4x4 optical switch has been set up at each station so as 
to constitute an optical rormurKation ^paratus (Fig. 7). In the present optical communication apparatus, usually, a 
station A and a station B, the station B and a station C, and the station C and the station A each perform communication, 
using a single optical fiber of the shortest possixe distance. However, for example, rf the optical ftoer is disconnected 
between the station A and the station B. switching of the optical switch at each station makes it possible to perform the 

55 communication between the station A and the station B through the optical ftoer between the station A and the station 
C, the optical switch at the station C and the optical f ber between the station C and the station B. The present optical 
cxMTTnunication apparatus has operated normally over a long period of time. 

[001 5] Rg. 8 shows an internal structure of a laser diode and photodiode module using the polymer optical waveguide 
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related with the ernbodiment of the present invention. The module has been fabricated in the following process: First a 
Cr/Au electrode 41 is provided on a sibcon substrate 1 ha^r^ a SK^ film 40. As is the case wrth the abcvfHiescrbed 
embodiments, the N.N-dimemyl acetamide solution of the polyamic acid, i.e. the precursor of the poryimide siloxane, 
and the N. hkJimethyl acetamide solutions of the polyamic acid. i.e. the precursors of the tiuorinated poryimide A, B. are 
5 coated and baked on the sflicon substrate 1 in sequence, respectively, thereby laminating a buffer layer 5 (1 .5 jim thick) 
niade of the polyimide siloxar^ a lower ^ 
3(7 ^m thick) made of the fluorina^^ 

etching so as to form a waveguide pattern (including Y branching structures), and then an iff>er clad layer 4 is coated. 
Next a portion of the polymer layers on the base is completely removed by using the reactive oxygen ion etching, 

10 thereby exrjosirig a device nriouriti^ 

todtode43£re rriounted on the mounting area. Also, an optical ft)er 11 is connected and adheres to an end surface of 
the waveguide. Moreover, the base is put into a metallic package and a hermetic sealing thereof is performed, this 
completing the optical module Next ifiing two of the fabricated optical modules, an interactive optical cornmu*- 
cation apparatus fllustrated in Fig. 9 has been fabricated. The interactive optical conrninkation apparatus has oper- 

is ated in a stable condition over a long period of time. 

[0016] According to the ernbodiments of the present invention, it is possWe to provide a highly reliable polymer optical 
waveguide, a highly reliable optical integrated circuit and a highly reliable optical modiie which have a high adhesive- 
ness to the substrates. Also, by employing them to constitute an optical communication apparatus, rt is possWe to pro- 
vide a highry reliable optical comnuirtication apparatus. 

20 

INDUSTRIAL APPLICABILITY 

[0017] In the embodiments of the present invention, it is possible to provide a highry reliable polymer optical 
waveguide, a highly reliable optical integrated circuit and a highry reliable optical module which have a hipjiadhesive- 
25 nesstothe substrata Ateo, by errplcyir^ 

vide a highry reliable optical communication apparatus. Accordingly, the industrial avaflabflity is extremely immense. 

Claims 

30 1. A polymer optical waveguide which is fabricated on a substrate having an inorganic material on at least a part of a 
surface thereof and in which a core layer arid a cW 

are composed of polymers, wherein a buffer layer, which is composed of a polymer that is different from the poly- 
mer constituting said dad layer, is provided between said clad layer and said base. 

as 2. The polymer optical waveguide as daimed in Claim 1, wherein the polymer constituting said buffer layer has a 
stronger adhesiveness towaro said base than that of the polymer constituting said dad layer. 

3. The polymer optical waveguide as claimed in Claim 1 or 2, wherein said ciad layer is composed of the polymer con- 
taining fluorine and said buffer layer is composed of the polymer containing no fluorine. 

40 

4. The polymer optical waveguide as claimed in Claim 1 or 2, wherein said buffer layer is composed of the polymer 
containing silicon. 

5. The polymer optical waveguide as claimed in Claim 1 or 2, wherein said dad layer is composed of fluorinated poly- 
45 imide and said buffer layer is composed of a poryimide siloxane. 

6. The polymer optical waveguide as daimed in any one of Claims 1 to 5, wherein, out of a silicon stfartrate. a glass 
substrate, a silicon substrate provided with an oxide film on at least a part of a surface thereof and a ai>strate hav- 
ing a metallic electrode on at least a parted 

50 

7. An optical integrated drcuit. wherein there is provided said polymer optical waveguide as claimed in any one of 
Claims 1 to 6. 

8. The optical integrated drcuit as claimed in Claim 7, wherein a thin film heater is employed on at least a part of a 
55 surface of said optical waveguide. 

9. The optical integrated drcuit as daimed in Claim 7 or 8, wherein said optical integrated drcuit is an optical switch. 
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10. An optical communication apparatus, wherein said optical a*Ttch as claimed in Claim 9 is employed. 

11. An optical module, wherein a semiconductor laser or a photodiode is bonded on a base having said polymer optical 
waveguide as claimed in any one off Claims 1 to 6. 

12. An optical communication is employed. 



EP0961 139 A1 



FIG. 1 




1: SUBSTRATE 
t LOWER CLAD LAYER 
3: CORE LAYER 
4: UPPER CLAD LAYER 
5: BUFFER LAYER 



POSITION 



FIG. 2 




UPPER CLAD LAYER 



CORE LAYER 

LOWER CLAD LAYER 
BUFFER LAYER 
BASE 



LIGHT INTENSITY (ARBITRARY UNIT) 



8 



EP0961139A1 



FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 10 
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